To help determine if coronary angiography can predict the site of a future coronary occlusion that will produce a myocardial infarction, the coronary angiograms of 42 consecutive patients who had undergone coronary angiography both before and up to a month after suffering an acute myocardial infarction were evaluated. Twenty-nine patients had a newly occluded coronary artery. Twenty-five of these 29 patients had at least one artery with a greater than 50% stenosis on the initial angiogram. However, in 19 of 29 (66%) patients, the artery that subsequently occluded had less than a 50% stenosis on the first angiogram, and in 28 of 29 (97%), the stenosis was less than 70%. In every patient, at least some irregularity of the coronary wall was present on the first angiogram at the site of the subsequent coronary obstruction. In only 10 of the 29 (34%) did the infarction occur due to occlusion of the artery that previously contained the most severe stenosis. Furthermore, no correlation existed between the severity of the initial coronary stenosis and the time from the first catheterization until the infarction (r2 = 0.0005, p = NS). These data suggest that assessment of the angiographic severity of coronary stenosis may be inadequate to accurately predict the time or location of a subsequent coronary occlusion that will produce a myocardial infarction. (Circulation 1988;78:1157-1166 
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Patients and Methods
We reviewed the records of all patients who underwent coronary angiography at North Carolina Baptist Hospital between 1975 and 1985. Seventysix patients had undergone two coronary angiograms; one before suffering an acute myocardial infarction, and the second within 1 month after the myocardial infarction. The diagnosis of myocardial infarction was based on electrocardiographic changes and rises in serum creatinine kinase activity and confirmed by the presence of a new wall motion abnormality on the left ventriculogram. Twentyeight patients who had undergone coronary artery bypass surgery and one patient who had undergone coronary angioplasty were excluded. The coronary angiograms of five patients were unavailable. Finally, 13 patients who did not have a newly totally occluded coronary artery on the second catheterization were analyzed separately. Thus, the study group consisted of 29 patients, each of whom had a new abnormality of left ventricular wall motion corresponding to the distribution of a newly occluded coronary artery.
Selective coronary angiograms were performed in multiple projections. The coronary angiograms were independently reviewed by three experienced observers. Disagreements were resolved by consensus. The site of the obstruction present on the second angiogram causing the myocardial infarction (infarct-related artery) was identified. The initial coronary angiogram was then analyzed to determine the severity of the arterial disease that was present before the infarct. Lesions were analyzed with the angiographic view in which the stenosis was most severe. The most severe lesion in the infarct-related artery, as well as the most severe stenoses in each of the two other arteries, were determined. The 13 patients without a totally occluded artery after the infarction were analyzed separately because the site of occlusion producing the infarct could not be unequivocally determined. The most likely site of the infarct was determined (in most cases, a subtotal obstruction, markedly increased in severity from the first angiogram), and any lesions previously present in this artery and the other coronary arteries were determined as described above.
The coronary lesions were quantitated with a computerized analysis system.3 The cine coronary angiograms were projected and then cine-to-video converted (Model TV-3, Vanguard Instruments, Melville, New York). The video images were transferred to an IBM PC-XT personal computer by a frame grabber board (Matrox Electronics, Quebec, Canada). The investigator identified the center of the arterial segment. The computer then automatically detected the vessel edges with a spatial derivative algorithm. Using the angiographic catheter as a scaling device, the computer calculated the dimensions every 0.5 mm along the length of the vessel. The present diameter stenosis (compared with the mean of angiographically normal segments proximal and distal to the stenosis) and minimal luminal diameter were calculated as the mean of three separate determinations. The reproducibility of these determinations was 3.7 + 3.3% (mean ± SD). The quantitative coronary angiography system used in this study has been evaluated for accuracy by measuring dimensions from radiographic images of tubular models with known dimensions.3 The regression of calculated versus actual dimensions gave a slope of 1.01, a correlation coefficient of 0.996. and an SEE of 0.072 mm.
Left ventriculography was performed by the injection of 40-50 ml iodinated contrast media into the left ventricle over 4 seconds and filmed in the 30°r ight anterior oblique and 60°left anterior oblique projection. The end-diastolic and end-systolic left ventricular outlines were traced without knowledge of the coronary anatomy. Systolic wall motion was determined by superimposing the systolic and diastolic tracings. An abnormality of wall motion was defined as a lack of systolic motion of the anterior, inferior, septal, or lateral walls.
Data are summarized as the mean + SD. Comparison of groups was performed by analysis of variance. If a significant difference among groups was identified, intragroup comparisons were performed by twotailed paired t tests with correction for multiple comparisons with the Bonferroni inequality.4 Correlation was performed by linear least-squares regression. In determining whether the infarction occurred in the coronary artery that previously contained the highest grade stenoses, arteries that were totally occluded on the initial angiogram were excluded because they were not at risk for a new occlusion.
Results
The patient characteristics are summarized in Table 1 . Seven of the patients had a history of a myocardial infarction. The first coronary angiogram was performed 706 ± 685 days (range, 4-2,298 days) before the myocardial infarction ( Table 2 ). The indication for the first angiogram was chest pain consistent with angina in all patients. At the initial catheterization, four patients had luminal irregularities but no stenosis more than 50% in any coronary artery. Sixteen patients had a single coronary artery with a more than 50% stenosis (one-vessel disease), eight patients had two-vessel disease, and one patient had three-vessel disease. Thus, our patient population consisted predominantly of patients with mildto-moderate coronary artery disease involving one or two vessels on the initial angiograms.
The second coronary angiogram was performed 18 ± 10 days after the infarction. Only three of the patients were taking aspirin at the time of the myocardial infarction. Representative coronary 
Ten patients suffered anterior myocardial infarctions because of occlusion of the left anterior descending coronary artery in nine and the left main coronary artery in one. In nine patients, the left circumflex coronary artery occluded producing a lateral infarction, while the right coronary artery was the site of occlusion in 10 patients. No significant differences existed in the time to infarction or severity of coronary artery disease when the patients were grouped by the site of the infarct.
The 13 patients without a new totally occluded artery after the infarction were analyzed separately because the site in the coronary arteries responsible for the infarction could not be unequivocally identified. When these patients were analyzed with the presumed site of coronary occlusion that produced the infarction, the results were similar to those of the 29 study patients. The most severe stenosis in the infarct-related artery before the infarct was less than 50% in eight (62%) of the 13 and less than a 70% stenosis in all 13.
Discussion
Acute myocardial infarction is usually produced by the sudden total occlusion of a coronary artery by thrombus, usually occurring at the site of an atherosclerotic lesion.5 Our study indicates that the lesion that will be the site of the thrombotic occlusion frequently is not severe when evaluated by coronary angiography weeks to years before the The patient group in our study was highly selected. Only patients who were treated medically were included. Because patients with left main and most patients with three-vessel coronary artery disease underwent coronary artery bypass surgery, only one patient with three-vessel disease was included in the study group. Thus, our study group consisted of patients with mild-to-moderate coronary artery disease. The incidence of myocardial infarction in patients with one-and two-vessel coronary artery disease is less than 3% a year. 19 Our results may not apply to patients with more extensive or severe coronary artery disease. It must be recognized that any myocardial infarction in a patient with threevessel disease will occur in the distribution of an artery with an obstructive stenosis. Percutaneous transluminal coronary angioplasty was not a treatment option during much of the period of this study; however, many of the patients included in the study might presently be candidates for this procedure. The patients in this study must have survived a myocardial infarction and have undergone a second coronary angiogram, thus excluding patients with fatal myocardial infarctions, patients who did not return to our institution for their subsequent care, or patients were not referred for repeat catheterization. The possibility that the selection process may have influenced our results must be considered, and definitive assessment of the ability of coronary angiography to predict the site of a subsequent myocardial infarction would require a large prospective study.
Coronary angiography was performed 18 ± 10 days after myocardial infarction. The prevalence of complete coronary occlusion declines after the onset of an acute myocardial infarction, probably because of spontaneous lysis of the occluding thrombus. 5 This may have been the reason that 13 of the potential patients identified for our study did not have a new total coronary obstruction on the second angiogram. These patients were excluded because the site of the obstruction causing the myocardial infarction could not be unequivocally defined. When these patients were analyzed based on the presumed site of coronary occlusion, the results were no different than the study group. Thus, exclusion of this group of patients does not appear to have biased our results.
Coronary angiography is the clinical standard for the evaluation of patients with coronary artery disease but is subject to observation bias and intraobserver and interobserver variations. 22 In conclusion, an acute myocardial infarction occurred in the majority of our patients because of occlusion of a coronary artery that previously had less than a 50% angiographic coronary stenosis. Furthermore, in most of our patients with mild-tomoderate coronary artery disease, the infarction did not occur because of the occlusion of the artery that had previously been found to have the highest-grade stenosis. This suggests that the presence of obstructive coronary artery lesions indicates that a patient is at risk for developing a myocardial infarction but, in the majority of our patients, did not predict the timing or the location of the coronary occlusion that would subsequently produce a myocardial infarction. Thus, therapy such as percutaneous transluminal coronary angioplasty aimed solely at sites of coronary obstruction may not, by themselves, be able to prevent many subsequent myocardial infarctions.
